The symposium was opened by Dr. 1. Smith (Courtauld Institute of Biochemistry, Middlesex Hospital Medical School, London), who briefly reviewed the history of chromatography in clinical biochemistry. He said that the progress during the past 15 years had been chiefly in the use of paper chromatography, in which the qualitative aspects had been of great value but the quantitative aspects had been more limited. The use of this technique had been of the utmost importance in the diagnosis and differentiation of disease, in the detection of drugs and in the control of therapy.
Advances in the past few years had been in the separation and identification of the steroids and the new techniques, now being developed, such as ion-exchange, silicic acid paper and thinlayer chromatography opened new vistas for the future. The introduction of ion-exchange paper chromatography, as a technique, has allowed the advantages of an ion-exchange system to be combined with the simplicity and convenience of the paper technique. One of the most significant features of ion-exchange paper chromatography is that it allows a study to be made of the factors influencing the resolution of related compounds in a manner which has hitherto been impracticable on columns. In this respect, advances have been made in determining the relationship between structure of an organic compound and its rate of movement on an ionexchange medium.
This progress has been facilitated by the availability of two types of ion-exchange paper, namely those containing ion-exchange materials based on cellulose including cellulose phosphate, carboxymethyl-cellulose and diethylaminoethylcellulose and those containing ion-exchange materials based on synthetic resins including Zeo Karb 225, Zeo Karb 226 and De Acidite G resin loaded papers.
Before discussing the performance of the various ion-exchange papers, the special techniques involved in handling these new materials are described under the headings below. Pretreatment of the paper. It is often desirable, or even essential, to pretreat the ion-exchange paper prior to chromatography in order to convert it into a suitable ionic form. Such a procedure is usually carried out by washing the paper chromatographically with a suitable electrolyte solution for an overnight period. When the paper is to be used subsequently in a dry state (see below) excess electrolyte is removed by washing with water prior to drying.
Method of Development. Two procedures have been adopted. The first of these is referred to as the dry-start method in which the paper, either in its original ionic form or in a converted form, is used in a manner exactly analogous to the conventional paper method. The alternative procedure, distinguished as the wet-start method involves application of the sample to be tested to the paper in a wet state. Usually, the wetstart method is used in conjunction with weak exchange papers which have to be pretreated prior to use and where a final water wash would destroy the earlier conversion.
Application of the Sample. Provided the ionic form and loading of the sample are compatible with the ionic form and capacity of the paper, it is possible to apply the sample as a single spot or streak where several smaller additions, with drying in between, would have been necessary on a conventional chromatogram. This is possible because the ions themselves are held in a relatively small area close to the point of application.
Location of Separated Zones. This can often be carried out with the usual spray reagents although it is sometimes necessary to make special additions to the reagents in order to release the separated ions from the exchange material itself.
The relative performance of ion-exchange papers with respect to their ability to separate amino acids is described below.
Under optimum conditions, cellulose phosphate allows the separation of the basic group of amino acids, from the acidic and neutral groups but the resolution within the individual groups is poor. In contrast, under the same conditions Zeo Karb 225 paper allows a much higher degree of resolution, particularly within the neutral group of amino acids. The different performances of the two types of paper are directly attributable to the different interaction effects of the exchanger matrix. These differing nonionic interactions are sufficient to cause reversals in the sequence within certain groups of amino acids.
Similar observations apply to comparisons of performance of weak cation exchange cellulose (carboxymethylcellulose) and weak cation exchange resin loaded (Zeo Kark 226) papers.
Whereas cation exchange resin loaded papers have been found to separate amino acids more efficiently than cation exchange cellulose papers, the opposite effects have been observed in comparing the performance of different anion exchange papers.
Thus, diethylaminoethylcellulose paper allows a higher degree of resolution of amino acids compared to De Acidite G resin loaded paper which contains the same functional group. Once again, the different performances can be attributed to the different matrix interaction effects on the two papers.
High resolution is obtained when the influences of the ionic and non-ionic interactions with the exchanger are additive.
These results illustrate how it is necessary, when separating organic compounds, to consider not only the relative ionising characteristics of these compounds and the exchanger but also the relative structures of their side chain and thẽ xchanger matrix.
Chromatography of Lipids on paper impregnated with Silicic Acid Although Kirchner and Keller (1950) had employed chromatography on paper impregnated with silicic acid in order to separate 2,4-dinitro-phenylhydrazones of ketones, Lea, Rhodes and Stoll (1955) were the first to separate phospholipids by this technique. Since then, chromatography on paper impregnated with silicic acid has been developed, particularly by Marinetti and co-workers, for the quantitative determination of various phospholipids (Marinetti, Erbland and Kochen, 1957) and for the separation of neutral lipids (Marinetti, 1961) . Separation of various neutral lipids had been achieved earlier by Dieckert and Reiser (1956) , using sheets of glass fibre" paper" impregnated with silicic acid.
This technique of chromatography is relatively simple, perhaps the most difficult step being the preparation of the impregnated papers. These are commonly prepared from Whatman No.1 (Marinetti et al. 1957) or Whatman 3MM paper (Rouser, Bauman, Nicolaides and Heller, 1961) . In this laboratory, the thicker Whatman 3MM paper has proved to have considerable advantage in being easier to manipulate during impregnation. The method of impregnating the papers is given in detail by Marinetti (1962) , Rouser et al. (1961) and Hack (1961) . We have obtained consistently better and more reproducible results when the impregnated papers were activated, i.e. heated at 105°, overnight, before use the following day. The lipid is usually applied to the paper in the form of a purified extract (e.g. such as that obtained by the method of Folch, Lees and Sloane-Stanley, 1957) but Marinetti and Stotz
